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1. I n t r o d u c t i o n  

We consider the approach to modelling that  our group 

has been developing, f i rst  to highlight d i f ferences 

b e t w e e n  this and the approaches of other researchers, 

second to raise some issues re lated to understandabi l i ty 

of  models tha t  we feel  are common to modelling in general. 

The pr incip les underlying our approach may be found In 

Balzer 's  posit ion paper  to this workshop. 

2.. D i f f e r e n c e s  

Underlying many of the d i f ferences Is our decision as to 

wha t  should and should not be part  of the model. We 

suppress  both Implementation and inter face detai ls from 

model of  the funct ional behavlour (intending that  these 

deta i ls  be separa te ly  s ta ted) .  This allows us to 

c o n c e n t r a t e  on Issues fundamental to the functional 

behav lour  of the task. Our models are operational in 

nature,  hence may be execu ted  in order to exhib i t  the 

desc r ibed  behavlour. We forgo the abil i ty to have our 

models automat ical ly  compiled into e f f ic ient  

implementat ions in order to permit use ef constructs best  

su i ted  to behavioural  speci f icat ion. We will examine 

severa l  of  these constructs and comment on the ex ten t  

and l imitat ions of them. 
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2.1.  Information storage and re t r i eva l  

We model Information by relations among ( typed)  

ob jec t s .  Information ret r ieval  may fol low these relat ions 

In any d i rect ion (e.g. given a 3-p lace relation R, and 

o b j e c t s  A and B of the appropr iate type, we may ask for 

an o b j e c t  C which could fill the third position R(A,B,C), or 

g iven B and C seek A, etc.) .  We may quant i fy over all 

o b j e c t s  of  a given type  (e.g. ask for all ob jec ts  C which 

are re la ted  to A and B In R(A,B,C), or ask If there ex is ts  

any such ob jec t ,  etc.) .  We are limited, however,  to 

re la t ions among ob jec t s  (we may not have relations among 

re la t ions)  and quant i f icat ion over ob jec ts  (so we may not 

ask for all re lat ions in which an ob jec t  par t ic ipates) ,  I.e. 

ottr language Is f i rs t  order. In pract ice these l imitations 

do not  seem to res t r i c t  our abi l i ty to model tasks. 

2.2.  Modelling of change and use of historical 

r e f e r e n c e  

We model change by the creat ion / destruct ion of 

o b j e c t s  and the Insertion / delet ion of relat ions amongst 

them. Each such primit ive operat ion causes a transit ion 

from one s ta te  to another - thus our computation history 

Is a ser ies  of  s ta tes .  All information In any previous s ta te  

is ava i lab le  through "histor ical  re ference" .  Indeed, s ta te  

Is t r e a t e d  as a f i rs t -c lass  type,  i.e. we may quant i fy over  

s ta tes ,  Ins tant la te  an ob jec t  of type s ta te  (e.g. to ask for 

a s t a t e  in which ...), etc. (But some operat ions make no 

sense  appl ied to s ta tes ,  we may not destroy or change 

s ta tes ,  s ince history is inviolate.) 

In addi t ion to historical reference,  which Is a 

conven ien t  way  of ex t rac t ing  information about the past  

w i thou t  having to exp l ic i t l y  remember information from 
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s t a t e  to s ta te ,  we also have a limited form of " future 

r e f e r e n c e " ;  we  may perform an action In the current 

s ta te ,  e x t r a c t  information from the result ing s tate,  and 

cont inue,  w i th  the information, from the s ta te  prior to 

s ta r t i ng  that  action. 

N o n - d e t e r m i n i s m  and constraints 

Non-determinism enters our model through the select ion 

of  an o b j e c t  (e.g., some x such that...) or through the 

sequenc ing of operat ions (e.g., forall x In <se t )  do 

<ac t i on )  denotes  an arbi t rary sequencing of appl icat ions 

of  the act ion to the elements of the set) .  This Is 

r e f l e c t e d  In our s ta te  transit ions by the possibi l i ty of e 

s t a t e  having mult iple a l ternat ive successors. 

The const ra in ts  we may Impose on our model are 

e x p r e s s e d  as arbi t rar i ly  complex predicates,  which may 

Involve any Information of the current or earl ier s ta tes  

( the  l a t t e r  through historical re ference) .  Any transit ion 

wh ich  leads to a s ta te  In violation of any constraint  is 

anomalous. In the event  of all transit ion3 from a s ta te  

being anomalous, the transit ion that  led Into that  s ta te  Is 

by  def in i t ion also anomalous. Thus constraints serve to 

"prune ou t "  undeslreable paths. This provides a 

mechanism for formally speci fy ing desired behvlour 

w i thou t  spec i fy ing  an "algor i thm" for achieving it. 

2.3.  L im i ta t ions  

We po in ted out  the f i rs t -order  limitation In what  

in format ion may be stored within our model; another 

l imi tat ion concerns the use of data- typ ing.  First, we do 

not  permi t  user -def ined parameter|sad types.  For 

conven ience  the language provides sets and sequences 

as parameter tsed  t ype  constructors,  but these are the 

only such instances.  Second, we do not fol low the 

a b s t r a c t  data t ype  approach of associat ing operat ions 

w i th  t ypes .  This d ivergence from the trend of modern 

programming languages Is a consequence of our very  

d i f f e ren t  approach to modelling. Our aim is to model as 

d i rec t l y  as possible the s t ructure and behaviour of the 

tosk  domain and act iv i t ies,  and our constructs are 

des igned  to le t  us do this. In contrast,  we v iew models 

c o n s t r u c t e d  by building up layers of abstract ion from more 

bas ic  t ypes  and operat ions as an Indirect descript ion of 

t i le  s t ruc tu re  and behaviour through Implementation In 

terms of the basic types and operat ions. 

3.  Issues re levant  to unders tand ing  

w e  have cons t ruc ted  models of two real-wor ld 

examp les  using our speci f icat ion language: a "Source 

Data Ma in tenance"  package to support  batch-commands 

from a user maintaining source code arranged Into a 

h ierarch ica l  s t ruc tu re  of units, f i les, l ibraries and pro jec ts ;  

and par t  of the ARPA-net Host-Imp protocol, Involving 

Isstms of paral lel ism, modelling hardware failure, etc.  We 

base  our observat ions  upon our exper ience wi th these 

(and cons iderat ion of o ther)  models. 

We have found that  readers of our models of ten find i t  

hard to unders tand them - even other members of our 

group who have equal f luency In the language. This Is 

somewha t  d isturbing since we had hoped that  by making i t  

eas ie r  for  the spec i f ie r  to more di rect ly  model the task 

domain, reading and understanding of ~uch models would 

become eas ie r  too. Although we could no doubt der ive 

some improvements by making cosmetic changes to our 

language ( the deve lopment  of which has been biased so 

far  t owards  easing the task of the consLru(:tor rather than 

t h e - r e a d e r ) ,  we feel  there are fundam(mtal Issues In 

p resen t ing  models which deserve more at tent ion, and 

wh ich  apply  to all approaches to modelling, not just  our 

own. We consider  why models are hard to understand, 

and w h a t  might be done to a l lev iate this di f f icul ty.  

3.1.  Sources of d i f f i c u l t y  in model  unders tand ing 

For any s izable and complex task, a model of the same 

ts l ike ly  to  be sizable and complex. The reader,  faced 

w l th  the task of comprehending the whole of a large 

model,  t yp ica l l y  f inds no assistance to help him build up 

gradua l ly  to  an understanding of the whole. 

The design decis ions taken by the model creator  wil l  be 

a p p a r e n t  only through the form of the end product. As 

such, the reader  wil l  f ind l i t t le or no t race of the 

reason ing the constuc tor  fol lowed. 

The In teract ions of the various portions of the model, 

and thei r  Implicat ions for the behavlour t lmy  descr ibe,  

may be unclear to the reader.  The v iewpoint  of the 

cons t ruc to r  may be d i f fe rent  from the v iewpoint  of the 
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reader ,  and unsuitable to answer the que=~tlons the user 

mlgl l t  have. 

3 .2 .  Aids to unders tand ing  

We sugges t  the fol lowing tools mtght be of assistance 

In understanding models: 

A symbol ic in te rpre te r  would let  the reader study the 

behav lour  of the model on classes of (rather than 

par t i cu la r )  examples.  Since our approach to modelling Is 

based  upon an operat ional  model of the world, we can 

build such an In terpre ter  for our language. For this and 

o the r  tools It is Important that  the user be able to guide 

the appl icat ion of  the tool and Its presentat ion of results. 

For an in te rp re te r  we might want  to Involve the user at  

non-determin is t ic  choice points, so that  he can d i rect  the 

In te rp re te r  along the paths which most interest  him. The 

user should have means for stat ing which portions of the 

behav lour  he wishes to observe during the interpretat ion, 

and be able to examine the result ing s tate.  

Analysis tools could be used to point out possible 

in te rac t ions  be tween  d i f fe rent  portions of the model. The 

more soph is t i ca ted  the tool the be t te r  able It would be to 

Ident i fy  t rue sources of Interactions and discard 

non-ar is ing ones. One part icular ly appropr iate method for 

such tools to p resent  results might be to generate small 

examp les  of  In terac t ive  behavIour. 

A tool to produce a swi tch of v iewpoint  (e.g. fol lowing 

the progress  of  an ob jec t  through the model rather than 

observ ing  Individual processes)  would f ree the user from 

the need to adopt  the constructor 's  v iewpoint.  

These tools ac t  upon the f inished model to assist  

understanding.  In addit ion, we might seek to make the 

deve lopmen t  of  the model a manipulable ob jec t  In Its own 

r ight.  If the model Is developed In layers of Increasing 

comp lex i t y ,  the reader  may later  fol low through the 

deve lopmen t  In order to incremental ly at tain an 

tmdors tand lng  of the whole. Again, a tool would be of 

ass is tance ,  this t ime to help the constructor  perform his 

deve lopmen t  of  the model and record his progress. This 

poss ib i l i t y  complements the earl ier suggestions - the user 

might app ly  the o ther  tools to Invest igate the behavlour of 

an In te rmed ia te  layer of the model. Finally, the ex is tence  

of the deve lopment  as an ob jec t  may assist maintenance 

of the model - if some change was to be made, the 

change could be made at the appropr iate layer of model, 

and deve lopment  ad jus ted from that  point. 
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